ABSTRACT. Propofol is a commonly used intravenous anesthetic. We evaluated its effects on the behavior of human pancreatic cancer cells and the underlying molecular mechanisms. The effects of propofol on Panc-1 cell proliferation, apoptosis, and invasion were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, caspase-3 activity measurement, and Matrigel invasion assay. Quantitative polymerase chain reaction (qPCR) was used to assess microRNA-133a (miR-133a) expression. Anti-miR-133a was transfected into Panc-1 cells to assess the role of miR-133a in propofolinduced antitumor activity. Propofol significantly inhibited Panc-1 cell proliferation and invasion, and promoted apoptosis. Propofol also efficiently elevated miR-133a expression. Moreover, transfection of anti-miR-133a reversed the effects of propofol on the biological 7530 Z.T. Wang et al. ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 7529-7537 (2015) behavior of Panc-1 cells. Propofol can effectively inhibit proliferation and invasion, and induce apoptosis of pancreatic cancer cells, at least partly through the upregulation of miR-133a expression.
INTRODUCTION
Pancreatic cancer is the sixth leading cause of cancer-related death in China and has the lowest patient survival rate of any solid cancer (Guo and Cui, 2005) . Despite advances in clinical and experimental oncology, the overall 5-year survival of patients with pancreatic cancer has increased only slightly from 3 to 5% (Jemal et al., 2010) . The main reasons for suchprognoses include early metastatic spread, high local recurrence rate, and multifactorial resistance to treatments. Like other cancers, the development of pancreatic cancer is a multistep process with accumulation of genetic and epigenetic changes. Recent studies have revealed many pancreatic cancer-associated deregulated genes and signaling pathways (Chang et al., 2014; Ouaïssi et al., 2014) , but the molecular mechanisms underlying the carcinogenesis, progression, and aggressiveness of the cancer have not been fully elucidated.
MicroRNAs (miRs) are a class of short (about 22 nucleotides in length), endogenous, single-stranded, non-protein-coding RNAs that directly bind to the 3'-untranslated regions (3'-UTRs) of target messenger RNAs (mRNAs), leading to mRNA degradation or translational suppression (Bartel, 2009) . It is now clear that miRs are involved in many different biological processes such as cell growth, apoptosis, development, differentiation, and endocrine homeostasis (Bartel, 2004) . Accumulating research also suggests that miRs play an essential role in the biology of human cancers, and may provide a new and promising way to deal with cancer (Heneghan et al., 2010) . Aberrant expression of miRs or mutations of miR genes have been well described in human pancreatic cancer (Bera et al., 2014; Shi et al., 2014; Song et al., 2014; Xu et al., 2014) . It has been confirmed that downregulation of miR-133a may suppress tumors and many other types of human malignancy . Qin et al. (2013) have reported that downregulation of miR-133a in pancreatic cancer correlates with large tumor size, advanced TNM stage, lymph node metastasis, vessel invasion, and shorter overall survival. Functional analyses showed that overexpression of miR-133a was able to reduce cell proliferation, invasion, and migration, promote cell apoptosis in vitro, and suppress tumorigenicity in vivo.
Propofol (2,6-diisopropylphenol, Figure 1 ) is a commonly used intravenous anesthetic. Apart from its multiple anesthetic advantages, propofol exerts a number of non-anesthetic effects (Vasileiou et al., 2009) . There is increasing evidence to suggest a correlation between propofol and cancer inhibition. Propofol has the ability to inhibit the adhesion, proliferation, and invasion of cancer cells, and induce their apoptosis (Mammoto et al., 2002; Miao et al., 2010; Altenburg et al., 2011; Zhang et al., 2013b) . Therefore, propofol might be a better agent than other anesthetics for cancer surgery (Inada et al., 2011) . However, there is no available information on the antitumor action of propofol in pancreatic cancer cells. We aimed to investigate the effects of propofol on the biological behavior of human pancreatic cancer cells, and the related molecular mechanisms.
MATERIAL AND METHODS

Cell culture and reagents
Human pancreatic cancer cell line, Panc-1, was obtained from the Shanghai Institute of Cell Biology, the Chinese Academy of Sciences. Panc-1 was cultured in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen, Carlsbad, California, USA), supplemented with 10% fetal bovine serum (St. Louis, MO, USA), 2 mM glutamine, 100 U/mL penicillin, and 100 mg/mL streptomycin at 37°C in a 5% CO 2 atmosphere. Propofol was acquired from Sigma Aldrich Chemical Co. (Sigma, St. Louis, MO, USA) and diluted with dimethyl sulfoxide (Sigma) for in vitro assays.
Cell viability assay
Cell viability was determined using a3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma) assay. Briefly, the cells were seeded at a density of 5 x 10 3 cells/well on 96-well plates containing 180 μL culture medium and incubated at 37°Cin 5% CO 2 overnight. At the indicated time after treatment, 20 μL MTT (5 mg/mL) was added into each corresponding test well and incubated for 4 h. The reaction was then solubilized by adding 200 μL dimethyl sulfoxide to each well. Optical density (OD) was evaluated on a multidetection microplate reader (BMG LABTECH, Durham, NC, USA) by measuring the absorbance at a wavelength of 570 nm. The experiments were repeated three times independently and the results are reported as means ± standard deviation (SD).
Apoptosis analysis by Hoechst 33258 staining and caspase-3 activity measurement
First, Hoechst 33258 staining was used to identify apoptotic Panc-1 cells. Briefly, cells were grown on cover slides on 6-well plates. After drug treatment, cells were fixed with 4% paraformaldehyde and stained with Hoechst 33258 (Sigma) for 5 min. Nuclear morphology was observed under a fluorescence microscope (IX51, Olympus). Dead cells and apoptotic bodies were identified by condensed or fragmented nuclei.
To detect cell apoptosis at the molecular level, caspase-3 activity was also measured using a caspase colorimetric protease assay. Briefly, cells were cultured on 96-well plates, treated with drugs, and analyzed using a Caspase-Glo 3/7 Assay kit (Promega, USA) following the manufacturer instructions. 
Matrigel invasion assay
Invasion assays were performed in triplicate using a 24-well invasion chamber system coated with Matrigel (50 mL per-filter) (BD Biosciences, Bedford, MA, USA). Cells were seeded in the upper chamber at a concentration of 1 x 10 5 cells/well in serum-free DMEM. DMEM containing 10% fetal bovine serum was added to the lower chambers as a chemoattractant. After incubation for 24 h, non-migratory cells in the upper chamber were removed using a cotton-tip applicator. Migrated cells on the lower surface were fixed with 95% ethanol, stained with 0.1% crystal violet, and counted under a microscope (Olympus Corp., Tokyo, Japan).
Detection of miRNA expression by quantitative polymerase chain reaction (PCR)
After treatment without (control group) or with propofol for 24 h, approximately 5 x 10 6 cells were collected and miRNAs were extracted using TRIzol reagent according to the manufacturer instructions (Invitrogen, USA). The miR-133a level was determined by quantitative PCR using TransStart TM SYBR Green qPCR Supermix (TransGen Biotech, Beijing, China) and U6 small nuclear RNA was used as an endogenous reference gene for normalization. For miR-133a, the primers were as follows: forward, 5'-CTGCATTGGTCCCCTTCAAC-3' and reverse, 5'-CAGTGCAGGGTCCGAGGTAT-3'. For U6, the primers were as follows: forward 5'-CTCGCTTCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGAATTTGCGT-3'. The threshold cycle (Ct) was defined as the fractional cycle number at which the fluorescence passed the fixed threshold. Each sample was measured in triplicate, and the relative amount of miR-133a to U6 was calculated using the equation 2 
Cell transfection
To selectively downregulate miR-133a, Panc-1 cells were seeded into each well of a 24-well plate and incubated overnight, then transfected with anti-miR-133a (GenePharma, Shanghai, China) at a concentration of 50 nM using Lipofectamine 2000 (Invitrogen, CA, USA). The cells were harvested for further analysis 24 h after transfection.
Statistics
Data are reported as means ± SD. Statistical analysis was performed using the SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). Differences between groups were assessed by unpaired Student t-test. All tests were two-tailed, and the significance level was set at P < 0.05.
RESULTS
Effects of propofol on cell proliferation, apoptosis, and invasion
First, we investigated the effects of propofol on cell proliferation, apoptosis, and invasion. The Panc-1 cells were cultured in different concentrations of propofol and the cell proliferation was examined using MTT analysis. As shown in Figure 2A , the proliferation of Panc-1 was inhibited by propofol in dose-and time-dependent ways. Propofol at concentrations of 5 and 10 μg/mL notably inhibited the proliferation at 48 and 72 h. To further detect cell apoptosis, Hoechst 33258 staining and caspase-3 activity were investigated in our study. After exposure to propofol for 48 h, Panc-1 cells exhibited increasing apoptosis, as indicated in Figure 2B and C. The Matrigel invasion assay also revealed that propofol significantly reduced cell invasion at concentrations of 5 and 10 μg/mL ( Figure 2D ). Collectively, propofol inhibits proliferation and invasion, and promotes apoptosis of Panc-1 cells. 
Propofol stimulates miR-133a expression
As shown in Figure 3 , propofol treatment enhanced miR-133a expression in Panc-1 cells in a dose-dependent manner. More specifically, propofol at concentrations of 5 and 10 μg/mL elevated miR-133a expression in Panc-1 cells by 2.46-and 3.95-fold, respectively.
miR-133a elimination reverses the effects of propofol on cell proliferation, apoptosis, and invasion
To further explore the role of miR-133a in the effect of propofol in Panc-1 cells, antimiR-133a was used to eliminate miR-133a. First, anti-miR-133a notably reduced the expression of miR-133a, suggesting that anti-miR-133a successfully penetrated into Panc-1 cells ( Figure 4A) . Moreover, the inhibitory effects of propofol (10 μg/mL) on cell proliferation and invasion, and its promotion of apoptosis, were significantly reversed after transfection with anti-miR-133a ( Figure 4B-E) . Figure 4 . Anti-microRNA-133a (anti-miR-133a) can reverse the effect of propofol. Anti-miR-133a significantly reduced the expression of miR-133a in Panc-1 cells (A). Anti-miR-133a evidently promoted cell proliferation (B), inhibited cell apoptosis (C and D), and enhanced invasion (E) after treatment with propofol. *P < 0.01 compared with the control group without propofol treatment and # P <0.01 compared with the propofol-treated group transfected with the negative control. 
DISCUSSION
Pancreatic cancer is one of the most lethal of all human cancers. Although the cancer death rates of most malignancies have decreased owing to improvements in early detection and treatment, the clinical outcome of patients with pancreatic cancer is still poor. In this study, we evaluated the effects of propofol on the behavior of human pancreatic cancer cells and found that propofol inhibited Panc-1 cell proliferation and invasion, and promoted apoptosis. Our results were consistent with those of other studies. For example, Mammoto et al. (2002) have demonstrated that clinically relevant concentrations of propofol reduce the invasion capability of human cancer cells (HeLa, HT1080, HOS, and RPMI-7951) . Miao et al. (2010) have reported that propofol inhibits the invasion of LOVO colon cancer cells. Zhang et al. (2013a,b) have shown that propofol can effectively induce apoptosis and reduce the invasiveness of hepatocellular carcinoma cells. Taken together, this evidence suggests that propofol may be a particularly suitable anesthetic for the peri-operative phase in cancer surgery (Siddiqui et al., 2005; Inada et al., 2011; Wu et al., 2013) .
The discovery of miRs has substantially changed the view of gene regulation, and new findings over the past few years have catapulted miRNAs to the center stage of cancer molecular biology. To clarify the mechanism involved in the suppression of Panc-1 cells, the effect of propofol on miR-133a expression was examined. We observed that propofol stimulated the expression of miR-133a in Panc-1 cells. More importantly, neutralizing miR-133a with antimiR-133a transfection reversed the effect of propofol on the proliferation, apoptosis, and invasion of Panc-1 cells. These results suggest that the antitumor effect of propofol on pancreatic cancer cells may be partly due to the upregulation of miR-133a. miR-133a downregulation has been confirmed in lung cancer (Moriya et al., 2012) , breast cancer (Wu et al., 2012) , rhabdomyosarcoma (Missiaglia et al., 2010) , maxillary sinus squamous cell carcinoma (Nohata et al., 2011) , tongue cancer (Wong et al., 2008) , esophageal cancer (Kano et al., 2010) , gastric cancer (Qiu et al., 2014) , prostate cancer (Kojima et al., 2012) , ovarian cancer (Guo et al., 2014) , renal cell carcinoma , and pancreatic cancer (Qin et al., 2013) . In these cancers, decreased miR-133a expression results in the induction of cell proliferation, the inhibition of apoptosis, or the promotion of cell invasion, indicating that miR-133a acts as a tumor-suppressor miRNA. Previous studies have shown that propofol may affect the biological behaviors of cancer cells by regulation of miRNA expression. Zhang et al. (2013a,b) found that propofol can effectively induce apoptosis and inhibit the adhesion of hepatocellular carcinoma cells by upregulating miR-199a. A recent study reported that propofol inhibits proliferation and invasion of osteosarcoma cells through miR-143 upregulation (Ye et al., 2014) . However, the detailed mechanisms by which propofol influences miRNA expression are still unclear, and further clarification is needed.
In conclusion, our study provides new insights into the effect of propofol on the behavior of pancreatic cancer cells and the mechanisms involved. The results suggest that propofol can inhibit proliferation and invasion, and induce apoptosis in Panc-1 cells, and modulation of miR-133a may contribute to this antitumor action. Further studies are needed to validate the clinical relevance of these findings.
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